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Objectives

The primary objective of this project is to enhance domestic petroleum production by
demongtration and technology transfer of an advanced oil recovery technology in the Paradox basin,
southeastern Utah. If this project can demonstrate technical and economic feasibility, the technique
can be gpplied to about 100 additionad small fields in the Paradox basin aone, and result in increased
recovery of 150 to 200 million barrels of oil. This project is designed to characterize five shallow-
shelf carbonate reservoirs in the Pennsylvanian (Desmoinesian) Paradox Formation and choose the
best candidate for a pilot demonstration project for either a waterflood or carbon dioxide-(CO,-)
flood project. The field demonstration, monitoring of field performance, and associated validation
activities will take place in the Paradox basin within the Navgjo Nation. The results of this project
will be transferred to industry and other researchers through a petroleum extension service, creation
of digital databases for distribution, technica workshops and seminars, field trips, technical
presentations at national and regiona professional meetings, and publication in newdletters and
various technical or trade journals.



Summary of Technical Progress

Four activities continued this quarter as part of the geological and reservoir characterization
of productive carbonate buildups in the Paradox basin: (1) geological reservoir characterization of
project fields, (2) improved oil recovery assessment of Anasazi field, (3) reservoir engineering
evaluation of Runway field, and (4) technology transfer.

Geological Reservoir Characterization of Project Fields

Geologicd characterization on aloca scale focused on reservoir heterogeneity, quality, and
laterd continuity as well as possible compartmentalization within each of the five project fields (Fig.
1). Thisstudy utilized representative core and modern geophysical logs to characterize and grade
each of the five fields for suitability
of enhanced recovery proj ects. R22E R23E R24E R25E R26E g
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The diagenetic fabrics and

porosity types found in the various hydrocarbon-bearing rocks of each field can be an indicator of
reservoir flow capacity, storage capacity, and potential for water-and/or CO,-flooding. In order to
determine the diagenetic histories of the various Desert Creek reservoirs, 50 representative samples
were selected for geochemica analysis. Thin sections were also made of each sample for
petrographic description. Typical geochemical and petrographic techniques that will be employed
include: (1) epi-fluorescence and cathodol uminescence petrography for the sequence of diagenesis,
(2) stable carbon and oxygen isotope analysis of diagenetic components such as cementing minerals




soylewans -
- o
v Lol somewei elIO - JoYMS  HS sueozofig  q
spodanses oAl Wees Adsigy - 6np  Brp N w
sprupsngy $Y Eong - s BpeRdE|  dE sigepon) o oo
P 1] seuwe] - = mEIskom) 08 seleld By poud  ©
PoYIUSPIUN ‘SISO ;
SSINPON SpALLY - @ APION oW suRID [WRAS
spous ¥ SOOI - e
ooy ‘aebly supreics ) seinjonag [Eofskud #3034 erog simxeL
w_ﬂ_wm
pejeRUIIBPUN osopopy
sueozokig v SEEooW suoisewrt afuopa m
spodooeig & epuray 1 UOAS yan - 18QUBI0d SNOBUEIUGAS - 45
mscns e L oo 2 s g o1
amseAIRd e AIS0I0d UGINGN - IHIN
SupD pomewL b suciseuiry H st SereIoNd - 43
eouepunay ROy ' Jodie3 - (193
uopysoduwiog jeseuy Ao e - 1
uoneueldxy
prr— - A T T TEEE] - | 4 T
e ] PO R B _ Temeens
WU DWW - i -
£ [T TTH 2= Hda f-uﬂ-.'\---.nl 4 ous o
P T L bl
B ] P FERRALETETIN
3 BUWHUUWWWY e mammae="T
R I S v e e
BEEBEEEERE
dnpng ey ouyexd 4 eeeeceeeece \ —
. BeceeeeEBE [o]
Y wecreerere . 4 10
eeeREEREERE » LA (o]
¥ Yieeesvsreee X < o
S0P ereeeceeeee
i oA J0
npIng POrY PIoWAd BEEEBEVEEE p. o O
seceeeeeeee U'
= o]
v Tsgqqeecee o
dnpiing ueozoAsg A [tgg9aaanug o 4 P s 10
" 1990949998939 I~ ]
cq< v WWWwOwwiwsss| v e J /
i 3 (wuvwnuwwww] e Y7 p
= WBWUNWWWWS o N Yo > 0zts =1
m T . - - N i ey 10
= [ -
A¥IN0OTM ON 3 . A O
T g % TYANILNI ONISSIH < ‘. w
b ~
] mms___:::ou . ors
5 Hluwssesssas E ﬁr t'd o e o
m _EE:::oo ——ir e fl - o
als WUWWESSESS | wvw b b
sejuaseden I juwssessess wwﬂ.LI on'an S»m
ulBN-uLOREd |y ,_EEE:::. b 4
[ Wwsssssggs | YU q 4
Zaﬂne-u - Mctm:ssss___.:: J 0695
[ uw" Ls_mm:::m Av D ]
WBEN-ORE 3] S0fssssssssss N A 1
=% "EEEEEREEE] > P 4
mpregng 4 WWUWWWHESSE - -W. a8ss _
vilvwwwwsssss 11 T o
- R T = N 3
* .____E:::: ™ N ' O
- o095 =
_H.“ WWWWwHLsSSss LA LA - ~ ﬁov
e o o ey U3 lawwwuseses q < L.t
o WwEUREWWSS ™ P o
at P r It ¢}
Lr) TU UG U WWEE s ~ L J
ol R A 7 v i
T T ) —~g Iz T
%0 %0l %0Z %0E @ wwxn o5t 004 o
[} L3
sapouy QI | eumyxay 27 |¢ i:l: 2 &= SR 1dy
g8 e |3 wemonn mi— FERERE:
z : g g |2 nped m =2y Aysus@-oyyt-uoineN ¥o
H g~ |3 — (%) Aisorod  (pui) Ayiqeousied
x @ oy




and different generations of dolomites, (3) strontium
isotopes for tracing the origin of fluids responsible for
different diagenetic events, (4) scanning electron
microscope analysis of various dolomites to
determine reservoir quality of the dolomites as a
function of diagenetic history, and (5) analysis of
bitumen plugging pore throats. Each core was
photographed (Fig. 3) and additional close-up photos
were taken of: (1) typical moldic, vuggy, dolomitized,
karst-brecciated, stylolitic as well as preserved
primary porosity styles, (2) visible cement types, (3)
sedimentary structures, and (4) pore plugging
anhydrite and halite.

All depositional, diagenetic, and porosity
information will be placed into the context of the
production history to date of each field in order to
construct a detailed overview for each enhanced
recovery candidate. Of special interest will be the
determination of the most effective pore systems for
oil drainage versus storage.

Improved Oil Recovery Assessment of
Anasazi Field

The reservoir anaysis for the Anasazi field
(Fig. 1) required a field-scale reservoir simulator.
Enhanced recovery through water-flooding and CO,-
flooding were evaluated using a compositiond
simulation.  Variations in carbonate lithotypes,
porosity, and permeability were incorporated into the
simulation in order to accurately predict reservoir
response.>* History matches were made by tying to
previous production and reservoir pressure history so
that future reservoir performance could be
confidently predicted.

The principal operating parameters and
smulation related data in effect for the final two
simulation prediction cases (A and B) were:

. CO, injection starts on January 1, 2000.

Fig. 3. Core photograph of the highly
dolomitized, oil-saturated calcarenite
section of the North Heron No. 35-C
well, Heron North field, San Juan Co.,
Utah.

. Simulation case A uses an injection rate of 2.0 million standard cubic ft of gas per day
(MM SCFGPD)/well and case B uses an injection rate of 4.0 MMSCFGPD/well.
Injection was simulated through one well in each of the two mound lobes (Fig. 4).
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. Production wells Anasazi No. 1, Anasazi No. 5L-3, and Sahgzie No. 1 (Fig. 4) were
allowed to produce at the rate in effect on January 1, 2000 during reservoir fill-up.

. Produced gas was recycled to reduce CO, make-up gas purchases. Thus, no
conditioning was employed.

. CO, injection was continuous from the start of injection until January 1, 2012.

Table 1 summarizes relevant production/injection data for smulation prediction cases A and
B. Thedatashowsthat for case A, the incremental oil recovery above primary was 951,000 bbls at
January 1, 2012. This required injection of 17.5 billion standard cubic ft (BSCF) of CO, and
produced gas and purchase of 10.1 BSCF of CO,. Simulation prediction results indicate that a CO,
injection rate of 2.0 MM SCFGPD/ well would not be sufficient to meet ongoing production needs
of the operator (Harken Southwest Corporation) and generate acceptable economic returns. 1t would
however, increase recovery by close to 1.0 million stock tank bbls (MMSTB) of oil over predicted
primary recovery at January 1, 2012.

TABLE 1

Production/Injection Data for CO, Flood, Anasazi Field

Case Cum Oil Cum Gas Incremental Total Gas In;. Total CO, Total Gas
(MSTB) (BSCF) over Primary (BSCF) Purchase Recycled
(MSTB) (BSCF) (BSCF)
Production / Injection at January 1, 2003
A 2116 1.7 -78 4.4 4.2 0.2
B 2293 2.6 99 8.8 7.8 1.0
Production / Injection at January 1, 2006
A 2385 2.4 -7 8.8 8.0 0.8
B 3302 9.4 910 17.5 9.8 7.7
Production / Injection at January 1, 2012
A 3505 9.1 951 17.5 10.1 7.4
B 4208 25.2 1654 35.0 11.5 23.5

The data shows that for case B, the incremental oil recovery above primary was 1,654,000
bblsat January 1, 2012. Thisrequired injection of 35.0 BSCF of CO, and produced gas and purchase
of 11.5 BSCF of CO,. Specificdly, using a4.0 MM SCFGPD/well injection rate from two injectors,
the CO, flood will recovery 4.21 MMSTB. This represents an increase of 1.65 MMSTB over
predicted primary recovery at January 1, 2012. The projected 4.21 MM STB represents more than



89% of the oil in the mound complex and 36.8% of the original oil in place in the total system
modeled.

Production data and injection gas requirements, including CO, make-up purchases, from case
B information were used to assess, from an economic standpoint, the financial merits of CO,-flood
with a8.0 MMCFGPD total injection rate commencing January 1, 2000 are summarized using two
optionsin Table 2. The economic assessment was conducted assuming the following conditions: (1)
leased compressor (option 1 - $19,500/option 2 - $23,500 [same compressor with a different
engine]), (2) CO, supply line construction using the minimum costs option ($825,000), (3) no gas
processing, and (4) cost sharing by the U.S. Department of Energy (DOE). This assessment
concludes that CO, flooding provides both an adequate flood response and an acceptable economic
rate of return of 32% and a payout of 36 months. A discounted (10%) net present value of $5.9
million could be realized by implementing a CO, flood under the proposed conditions. Harken's
capital outlay with DOE participation would be $1,493,000.

TABLE 2

Economic Performance Parameters for Low Injection Rate from Case B

Compressor | Before Tax NPV! | Before Tax IRR? Payout PI3
Option (in thousands $) (%) Months
1 $5,930 32 36 10.4
2 $5,300 30 48 9.7
NPV = net present value assuming a 10% cost of capital
’IRR = internal rate of return

°pI profitability index

Reservoir Engineering Evaluation of Runway Field

The two main reservoir engineering work tasks for Runway field (Fig. 1) during the quarter
were: (1) plotting of one-dimensional mechanistic smulation runs to identify CO, process minimum
miscibility pressure and displacement - mass transfer mechanisms and (2) conducting history match
runs of Runway field primary production history. CO,-flood prediction case runs, using the the
complete three-dimensional reservoir model, will commence next quarter.

Technology Transfer

T. C. Chidsey, Jr. presented a talk entitled Heron North Field, Navajo Nation, San Juan
County, Utah: A Case Study For Small Calcarenite Carbonate Reservoirs at the monthly luncheon
meeting of the Utah Geological Association on November 10, 1997.> The paper described the
geologic trend for potentialy hydrocarbon productive carbonate mound buildups within the Paradox
basin.



The project home page on the UGS Internet web site
(http://mww.ugs.state.ut.us/paradox.htm) was updated with the latest quarterly technical report and
project publications list.
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